Introduction
============

Gastrointestinal stromal tumors (GISTs) are rare mesenchymal neoplasms of the gastrointestinal tract originating from pluripotential mesenchymal stem cells, which differentiate into the interstitial Cajal cells.[@b1-jmdh-6-127] GISTs are mesenchymal cancer cells of the gastrointestinal tract. They are usually located in the upper gastrointestinal tract -- more specifically, in the stomach (60%); GISTs of the small bowel (30%), esophagus (5%), and rectum (5%) are less common.[@b1-jmdh-6-127],[@b2-jmdh-6-127] The clinical presentation of GISTs is heterogeneous. The most common symptoms are bleeding from the upper gastrointestinal tract and abdominal pain, but there is a significant percentage of GISTs that remain asymptomatic and are discovered incidentally.[@b3-jmdh-6-127]

Role of c-KIT and platelet-derived growth factor α (PDGFRα)
===========================================================

GISTs are defined by the expression of c-KIT (CD117) and CD34 proteins in cancer cells.[@b4-jmdh-6-127] The c-KIT oncogene is located on chromosome 4.[@b5-jmdh-6-127] The remaining 3%--5% of c-KIT-negative GISTs are positive for PDGFRα mutations. In addition to PDGFRα mutations there is a small percentage of wild-type c-KIT mutations.[@b6-jmdh-6-127],[@b7-jmdh-6-127] The oncogenic mutations in the *c-KIT* gene are located on exons 9, 11, 13, and 17.[@b8-jmdh-6-127],[@b9-jmdh-6-127] It is known that the most common mutations on exon 11 are deletions and substitutions, with duplications and insertions less common. Additionally, the mutation in codon 558 in 5′KIT.[@b10-jmdh-6-127] As far as PDGFRα is concerned, the mutations are located on exons 12, 14, and 18. It is crucial to note that both c-KIT and PDGFRα expression induce a tyrosine kinase pathway in the cancer cell.[@b10-jmdh-6-127] Activation of this pathway induces uncontrolled phosphorylation and tissue growth.[@b11-jmdh-6-127]

The most common secondary resistance mechanism seems to be mutation of the KIT kinase domain. The exact locations of the mutation are the adenosine triphosphate (ATP) binding pocket of the KIT kinase (exons 2, 3) and the kinase activation loop. Additionally, imatinib-resistant KIT exon 9 or PDGFRα exon 18 D842V mutations -- or even no detectable mutation at all -- could be the cause of the resistance.[@b12-jmdh-6-127],[@b13-jmdh-6-127] It is also important that secondary mutations located on KIT exon 11 can cause low response to imatinib treatment.[@b14-jmdh-6-127]--[@b18-jmdh-6-127] Taking into consideration the fact that in 5%--15% of GISTs these mutations are absent, scientists consider it possible that there is an additional pathway that has not yet been discovered.[@b11-jmdh-6-127]

Treatment
=========

GISTs are malignant neoplasms and therefore tumor prognostic factors are extremely important. The most important prognostic factors are size \> 5 cm, mitotic activity (mitotic count \> 1--5 per ten high-powered fields), diffuse moderate atypia, and coagulation necrosis.[@b19-jmdh-6-127],[@b20-jmdh-6-127] Recently, mutations in the *c-KIT* oncogene were added to these criteria.

Although improvements in understanding of the molecular pathways responsible for the pathogenesis of GISTs improved have resulted in impressive advances in targeted therapy, surgical resection of the tumor with preservation of the pseudocapsule remains the preferred therapy for localized GISTs.[@b21-jmdh-6-127] GISTs do not metastasize through lymphatic spread, so there is no indication for systemic lymph-node resection.[@b22-jmdh-6-127] Surgical treatment can be either laparoscopic or even endoscopic in case of patients who cannot be operated on or in patients with very small GISTs (\<2 cm).[@b23-jmdh-6-127] Surgery is used in three main situations: primary surgery after diagnosis, especially in solitary tumors; after neoadjuvant treatment;[@b24-jmdh-6-127] or, occasionally, for symptomatic relief in advanced metastatic disease (termed "debulking surgery").[@b21-jmdh-6-127] Poor response is usually observed following conventional chemo- and radiation therapy.[@b21-jmdh-6-127]

Since Hirota et al observed the role of c-KIT in GIST, scientists have found agents that inhibit the molecular pathway of the oncogene proteins.[@b4-jmdh-6-127] The pharmaceuticals imatinib and sunitinib have been used. Drugs bind (with active targeting) and inhibit the phosphorylation and downstream of KIT signaling activation ([Table 1](#t1-jmdh-6-127){ref-type="table"}).[@b11-jmdh-6-127],[@b21-jmdh-6-127],[@b25-jmdh-6-127] Imatinib binds within the ATP binding pocket and the activation loop.[@b21-jmdh-6-127] Consequently, inhibition of auto-phosphorylation and inhibition of downstream signaling pathways -- such as mitogen-activated protein kinase (MAPK) and AKT (protein kinase B) -- take place[@b2-jmdh-6-127] ([Figure 1](#f1-jmdh-6-127){ref-type="fig"}). Sunitinib interacts with different amino acids within the ATP binding pocket.[@b21-jmdh-6-127] Disease progression is a result of c-KIT mutations on exons 13, 14, and 17, which decrease the tumor's sensitivity to imatinib and additional chemotherapy.[@b11-jmdh-6-127],[@b26-jmdh-6-127]--[@b29-jmdh-6-127]

The protocols used for the treatment of GISTs are based on their biological behavior. More specifically, surgical resection is the golden standard therapy for localized tumors without systematic metastases and without high-risk tumor features, such as cystic space, ulceration, echogenic foci, and irregular borders.[@b25-jmdh-6-127],[@b30-jmdh-6-127] Neoadjuvant therapy can be used in cases of patients with marginally resectable tumors and in whom surgery is contraindicated. The European Society for Medical Oncology (ESMO) guidelines advocate tumor debulking in order to facilitate total tumor resection. Imatinib is the drug used in adjuvant and neoadjuvant therapy; in case of resistance in imatinib, sunitinib is used.[@b31-jmdh-6-127] Unfortunately, therapeutic options are limited in progressive disease.

There is a general agreement that when GISTs are smaller than 2 cm and are located in the upper gastrointestinal tract (esophagus, stomach, duodenum), laparoscopic ultrasound should be performed and subsequently followed-up.[@b32-jmdh-6-127] For nodules larger than 2 cm, a biopsy should be conducted and after that a total tumor excision if the diagnosis of GIST is made. There is also an indication for biopsy of the primary lesion of any size if neoadjuvant therapy is planned, or if there are sites suspicious for tumor metastasis. Additionally, in cases when multi-visceral resection is to be performed, biopsies are considered important. As far as rectal GISTs are concerned, the standard diagnostic and therapeutic approach includes endoscopic ultrasound, magnetic resonance imaging assessment, biopsy, and wide excision.

Tumor management is strongly related to the stage of the disease. As mentioned, determination of tumor size, mitotic count, and mutation analysis of the *c-KIT* gene are considered crucial for the diagnosis of this neoplasm. Also as noted previously, the golden standard therapy for primary localized GISTs is complete surgical resection -- with negative margins (R0) without resection of negative lymph nodes. In cases of intermediate and high-risk GIST, according to National Comprehensive Cancer Network guidelines,[@b32-jmdh-6-127] R0 tumor resection should be followed by adjuvant therapy with imatinib for at least 1 year. In contrast, the revised ESMO guidelines for GIST therapy propose adjuvant therapy with imatinib only in cases where there is a substantial risk of relapse and no adjuvant therapy in cases with low or very low risk of recurrence. In case of complete resection with positive margins (R1), re-excision should be performed if it is possible. If this approach is not possible, the patient is placed under observation. Preoperative imatinib may be useful in cases in which negative margins are not easy to obtain, therefore multi-visceral resection is indicated and the operating time should be optimized. In these cases, neoadjuvant therapy that lasts 6--12 months is desirable.[@b32-jmdh-6-127]

In case of locally advanced, inoperable, or metastatic disease, the standard therapeutic strategy is 400 mg imatinib daily. In patient groups who are positive for exon 9 mutations, which provoke tolerance to imatinib, the dose of the drug is doubled to 800 mg daily. It is crucial that the therapy not be interrupted or stopped for a long period, because this can result in a poor therapy response or even disease recurrence. In patients for whom imatinib is not effective, sunitinib is the therapy of choice.[@b32-jmdh-6-127]

Studies on imatinib
===================

The Scandinavian Sarcoma Group (SSG) XVIII trial (unpublished data) compared 12 and 36 months' use of 400 mg imatinib daily in 400 patients with high-risk resected GIST. The definition of "high risk" was made according to the previously mentioned modified consensus criteria. The trial contained a median follow-up of 54 months, in which prolonged treatment was associated with a significant improvement in relapse-free survival (RFS) (5-year RFS 66% vs 48%, hazard ratio \[HR\] 0.46, 95% confidence interval \[CI\] 0.32--0.65) as well as overall survival (92% vs 82%, HR 0.45, 85% CI 0.22--0.89). Additionally, the study demonstrated that treatment-related adverse effects were more common with longer treatment. These adverse effects included periorbital edema, diarrhea, and muscle cramps. These effects were noted in patients with grade 1 or 2 tumors; there was no significant difference between the two groups in terms of the number of adverse effects occurring in patients with grade 3 or 4 GISTs. In the prolonged therapy group, patients' compliance to the therapy was not satisfactory. Overall, the study data indicate that 36 months' use of imatinib is important for patients with high-risk GISTs.

The BFR14 trial was conducted to study the effects of interruption to imatinib therapy.[@b33-jmdh-6-127] In this study, 71 patients without disease progression were randomized after 1 (32 patients), 3 (25 patients), and 5 (14 patients) years of interruption to daily 400 mg imatinib mesylate therapy. In case of disease progression, imatinib was reintroduced. The results of the study showed that imatinib interruption in responding patients with advanced GIST cause disease progression in the majority of these patients.[@b33-jmdh-6-127]

The Radiation Therapy Oncology Group study[@b34-jmdh-6-127] found that patients with metastatic disease and locally advanced disease seem to respond well to the use of imatinib postoperatively. Sixty-three patients were entered into this study, of whom 52 were analyzable -- 30 with primary GIST (group A) and 22 with metastatic GIST (group B). The therapy response (according to the Response Evaluation Criteria In Solid Tumors \[RECIST\] rules) in group A was 7% partial, 83% stable, and 10% unknown and, in group B, 4.5% partial, 91% stable, and 4.5% progression. Two-year progression-free survival was 83% in group A and 77% in group B. The estimated overall survival was 93% in group A and 91% in group B.[@b34-jmdh-6-127]

[Table 1](#t1-jmdh-6-127){ref-type="table"} summarizes the findings of four imatinib trials.

Conclusion
==========

GISTs are malignant tumors of the gastrointestinal tract that have been thoroughly studied over the past few years. Once the molecular pathways and the mutations that are responsible for them began to be understood, there was great progress made in GIST treatments. Aside from surgical resection, which was and continues to be the gold standard treatment for non-metastatic GISTs, progress has been made in the development of systematic treatment using special pharmacologic agents, such as imatinib and sunitinib, that intervene in the molecular pathways responsible for the GIST pathogenesis. This has provided practitioners the opportunity to heal patients with metastatic GISTs.

In future, there is potential for new molecular inhibitors with activity comparable to that of imatinib to be developed for GIST therapy. Another important field of interest is identification of the mutations responsible for reduced response to imatinib. As in chronic myelogenous leukemia, these could be used to develop new agents that act on the mutation locations.
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![Targeted therapy pathways.\
**Notes:** Protein kinase B (AKT) is a serine/threonine-specific protein kinase that affects glucose metabolism, apoptosis, cell proliferation, transcription and cell migration. Together, RAS, c-RAF, MEK 1/2, RAS, and ERK 1/2 comprise the MAPK--ERK pathway, which is a chain of proteins in the cell that communicates a signal from a receptor on the surface of the cell to the DNA in the nucleus of the cell; it is also known as the "Ras--Raf--MEK--ERK pathway." Janus kinase (JAK) is a family of intracellular, non-receptor tyrosine kinases that transduce cytokine-mediated signals via the JAK--STAT pathway. Phosphoinositide 3-kinase (PI3K) is an important signaling pathway for growth control, metabolism, and translation initiation. The active sites of tyrosine kinases each have a binding site for adenosine triphosphate (ATP).\
**Abbreviations:** ERK, extracellular signal-regulated kinases; MAPK, mitogen-activated protein kinases; MTOR, mammalian target of rapamycin; STAT, signal transducer and activator of transcription.](jmdh-6-127f1){#f1-jmdh-6-127}

###### 

Clinical trials of imatinib

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Trial         Progression-free survival                                              Overall survival
  ------------- ---------------------------------------------------------------------- -----------------------------------------------------------------------------------------
  NCT00041197   1 year                                                                 

  EORTC 62005   44% of the 400 mg group\                                               400 mg group: 85% at 1 year, 62% at 2 years 800 mg group: 86% at 1 year, 74% at 2 years
                50% of the 800 mg group                                                

  B2222         24 months (20 months in the 400 mg group and 26 in the 600 mg group)   57 months

  SWOG S0033    18 months in the 400 mg group and 20 months in the 800 mg group        55 and 51 months
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** EORTC, European Organisation for Research and Treatment of Cancer; SWOG, Southwest Cancer Chemotherapy Study Group.
